Corporate R&D
26. March 1995

OML

hearing aid users, car owners, hospitals, airports, medical equipment suppliers,
congumer protection agencies, etc.. 1 also wish to advice you that it is considered
inaccurate for Wireless Communications Council to single out GSM as a potential
interferer, as all analogue and digitzl radiotransmission standards can influence the
function of electronic dovices including, but not limited to AM, FM, AMPS,
CDMA & D-AMPS. It must also be recognized that many digital radio
transmitting systems, including D-AMPS, utilize the exact same radio access
method as GSM, Time Division Multiple Access (TDMA).

As | bave a background not only as a scientific telocommunications research
expert, but also as a development manager for the hearing aid industry, I am
consistently advising both industries in the development of new modulation
technologics and EMC compatibility test methods. A complete copy of my
rescarch can be obtained upon request at facsimile number + 45 45 76 99 83.

With copy of letter to:

The Honorable Senator Trent Lott

The Honorable Senator Bob Packwood
Baker & Hostetler, Mr. Guy Vander Jagt

Sincercly,

/., ., -
QOle Mark Lauridsen
Corpovats Director R&D

Professor, MSe. E.B.

1e M Lyngse Allé2 Tele Danmerk AVS
8000 Arhus C 2970 Hersholm Arhwus
Denmark Denmerk Company Rog. No. 153.447
Tol: + 4330037777 Tel: + 454576 84 44 Tolex 84444 tdk dk
Faxx +4588933019 Fux: + 454576 99 83
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Ductsoht Taluom MabiMNet Qmbr.
Fooliach JAMEY, 53184 Hoon

Trnowas t. Wheeler

President ard JEQ

Posrfacn [noustry Assocfation
1250 Connecticul AVE, NwW
Suite 200

Washirglon O0C 20036

Stephan Wenig, v24-6
fei: 06151/852-728. lax: usi51/B52-728
Z9. Juni 1994

Qear Mr. HWheeler.

[ undergtand Lhat the carriars and manufecturers Of Lhe wireicss B
industry in North Am¢rics are sponsoring research at the (niversity of
Oklanhoms, Center <or the Study of Wireless Cinctramagnetic Compatibility
on the potenttal for [nterference from various digital technplagies to
hearing inslruments.

Although the digita) tecnwelanies under cunsideration fur deplayment n
the United States differ somewhat fram the teéchnology we have deployed,
we are pledsed to provide the following infarmation an aur aeperating
txperiswen with GSM technology 1n Germany.

He heave been providing GSM service in the 900 Mhz frequency band since
July 1992. We currently provide service tc 1.1 mill. customers. To date,
we have received no repgriy of interference to hearing aids form our GSM
phunas.

1 hape this intormatson {s useful &3 you eviluate Lhe nature of
interdcLion dDetwean varjuus digital technologies and hearing
Instruments. Pleass lgt me know if we can be of any sdditional
assislance.

e

R. Hahlur

DaTaMod Detrutie Tolstman MobiiNet Gmost
Cheaamity Bwete ;Iﬂl’lﬂn

T n.nlﬂl !{ dluunﬂl

glahr (Es ). PETT PLITYeRY, Hored JORNins GHme, (Ot Hurmd, iisus Waslenbunger. Wemar ez (Senarsidev |
Cresciner Benk a-n ::zanz«unll:avun&&ﬂ:&u*ﬁasannlhmnn-un:Hﬂ?ELElbﬂncu
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| Thomas B. Wheeler

President and CEO

i Cellular Telocormmunications Industry Association

1250 Connecticut Ave, NW
Sulis 200
Washington DC 20036

I undexrstand that the caxxicrs snd manufacturers of the wireless industry in Noxth Amecrica are
sponsoring xesearch at the University of Oklahoma Centesx for the Study of Wireless Electromagnctic
Compatibility on the potcntial formta:hu\ocﬁvmmoudigmlmhnolomwhmmg
instruments.

Althoungh the digital technologics undes considerstion fcrdeploymmtinths United. States diffcr
somewhat from (he tochnology we have deployed, we arc pieased to provide the following
information on our operating experience with GSM technalogy in Finland.

We have been providing GSM service in the 900 MHz frequency baud since Junc 1991
(commercially gince Juns 1992), We canently provide service to 130 000 GSM customxxs. To date,
we have received less than 20 reports of interfereace to hearing aids from our GSM phomes. Almost
all the repoxts of interfercace were received during the first yser of comumercial operation. Ia fact,
we have subscribers who are hearing aid wearers and are quite pleased with theix GSEM phones.

xmmmumummmmdmmmw
technologiag and hearing instroments. Please Iet me Inow if wa can be of any additlonal assistance.

o) WG - XX SN
’ Mr. Olayi Kotstinen
Deputy Dircctor
NMT-GSM -section
Mobile Telephone Sexviees, Talocom Finland
P.O. Box 98
FIN-00511 Halsinki
tel. 4358 20401, Ex. +358 2040 5312

Tabe Mafkapdrabimpaivelus
P.O. fiwx SE, COSI] Hteiabi, Avl, +358 30401, ferx. +-X38 3040 S312
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Thomas E. Whealer Oste Qur refacence
President and CEO 1995-06-29 Petter Blikerud
Cellblar Telecommunications Industry Association

1259 Conpecticut Ave, NW

Sude 200

Washi n DC 20036

luddasmmmnthewﬁdmdmmf&uréofmewhemmdmuthmhAmerimm
spohsoringrueud‘ at the Univerity of Oklaboma Center for the Stady og Wireless
EngncucCompahﬂnyonthewmnﬁalﬁrhufwweﬁomvmiowdigimwcthhgia
tohmnngmsm:mcnts.
Ahﬁmughﬂwﬁgﬁﬂﬁchmbgesmﬂswmﬂ@onfmdcploy@mtheUmdSmdm

what from the technology we have deployed, we are pleased to provide the following
mummonmopumngapmmcewahGSdemolmmNmy.

We!havebeenpxuviding GSM scrvice in the 900 Mhz frequency band since May 1993. We
currently provide sexvice to well over 100.000 customers. To date, we have received no specific
reports of interference to hearing aids from our GSM phones. In fact, we have subscribers who
are hearing aid wearers and are quite pleased with their GSM phones.

I bbpe this information is useful as you evaluate the nature of nteraction betwean variout digital
tectimologics and hearing instruments. Please let me know if we can be of any additional

| Posptaddreds:  Telppnone: ' Poasredet 35
| Otlios: . Fosfsoks S74E Bt ~4T 2203 D3 0O mnouoh
T Mobil AS xmmm rumsoao +4T 230303 0 NO 084 0B 650 MVA
Seposimotiak Srobl; OUcc Ouislanor:PeisisnacAnisltmpc Cman;

B
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Williarn L. Keever
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Mr. Thomas E. Wheoler .
Preajdant and CEQ :
Ceoliviar Telecammunications industry Association
1280 Commedlicut Averiue; NW
~ Sutte 200
| Washingtan DC 20036
USA . 28 June 1995

Doaar Mr. Whoeloer,

{ underatand that the caniars snd manufacturers of the wirsiess induatly in Northemn
America are sponsoring at the Universily of Oklahoma Cantre for the: Study
of Wireless Competibiiity on the potertial for imerference from
various dighal tectnologies to hoaring instruments.

Although the digital tachnologies under considersion for deplayment in the United
Swates differ somewheat from the technology we have deplayen, wa are plamsad to
provide the following Information on our opersting sxperience with G8M technology

In Germary.

We have been providing G3M service in the 800 MHz frequency band sinoce July
1902, We currently provide service 10 more than 1 million customers. To déte, we
hmssmmlymuodwdlnmwammuotmnmmmby
our

Theee' reports have all been hwndied in a very straightforward
mervmer.

I hope this iInformation is usefild 68 you evaiunte the nature of Irntermsocton betwean

i mmmhwmmm instruments, Please et ma imow Hf we can
be of any additional stanoe.

} Yours sincarely,

W, L. Kewver

1
H

1
i

Am Seastern | « & 6054Y Demaeidont - 21 40448 Dissekiont - Tolators 02 11/ $33-77C)

{
5 ) GESAMT SEITEN @1
29+JUN-95 THU 18:24 +49 211 5332703 - p. 01




St James Court
Great Park Road
Ref: 0321/Imh/ri Almondsbury Park
Bradley Stoke
Bristot
BS12 4Qy
Tel 01454 624600
Fax 01454 618501

28 June 1995

Thomas E Wheeler, Esq

President and CEO

Cellular Telecommunications Industry Association
1250 Connecticut Ave, NW

Suite 200

Washington DC 20036

Dear Mr Wheeler

| understand that the carriers and manufacturers of the wireless industry in North
America are sponsoring research at the University of Oklahoma Centre for the Study
of Wireless Electromagnetic compatibility on the potential for interference from various
digital technologies to hearing instruments. ’

Although the digital technologies under consideration for deployment in the United
States differ somewhat from the technology we have deployed, we are pleased to
provide the following information on our operating experience with GSM technology in
the UK.

We have been providing GSM service in the 1800 Mhz frequency band since April
1994. We currently provide service to around 200,000 customers. To date, we have
received very few reports of interference to hearing aids from our GSM phones. In
fact we have subscribers who are hearing aid wearers and are quite pleased with their
GSM phones.

| hope this information is useful as you evaluate the nature of interaction between
various digital technologies and hearing instruments. Please let me know if we can be
of any additional assistance.

Dr Colin Tucker
Group Director of Operations
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_ Mr Thomas E Wheeler 260 Bath Road

President and CEO SLOUGH

Cellular Telecommunications Industry Association ::;":gi;'

12_50 Connecticut Ave, NW Taiephone 01763 BEEI00
Suite 200 Fax 01768 666010
Washington DC 20036

6 July 1995

Dear Mr Wheeler

1 understand that the carriers and manufacturers of the wircless industry in North America
are sponsoring rcscarch at the University of Oklahoma Centre for the Study of Wireless
Electromagnetic Compatibility on the potential for interference from various digital
technologics to hearing instruments.

Although the digital technologies under consideration for deployment in the United States
differ somewhat from the technology we have deployed, we are pleased to provide the
following information on our operating experience with GSM technology in the UK.

We have been providing GSM service in the 900 Mhz, frequency band since 1993 . We
currently provide sexrvice to 65,000 customers. To date, we have received no reports of
interference to hearing aids from our GSM phones and only one enquiry. In fact, we have
subscribers who are hearing aid wearers and are quite pleased with their GSM phones.

I hope this information is useful as you evaluate the nature of interaction between various
digital technologies and hearing instruments. Please ict me know if we can be of any
additional assistance.

Yours sincerely

CFMB271

Talcoom Gecuritvae CHITUISP HAKO Luwrtind
Megistarad In E7g:enc Not 743092
Rogictared Offlcs

6N Buik Modd Biowgh SL1 40X
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Whilst every csre has been taken in the preperation snd publication of this document, errors in
content, typogruphicel or otherwise, may occur. If you have commants concerning its accuracy,
plesse writs to "ETS! Editing and Standerds Approva!l Dept.” at the sddress shown on the titie puge.
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Foreword

This ETS| Technical Report (ETR} has been produced by the Spacial Mobile Group (SMG) Technical
Committee (TC) of the European Telecommunications Standards Institute (ETSH.

This ETR summarises the work which hss byen conducted, mainly in the UK, to investigats the
effsct of wanted radio frequency transmissions from GSM Mobile Stations (MS) and Base
Trangceiver Stations (BTS!) within the Europesn digital cetiular telecommunications system (phase 2)
on other equipment.

This ETR is an informative document resulting from SMG studies which are relsted to the Europesn
digital cellular telecommunications systsm (phase 2). This ETR is used to publish material which is
of an informative nature, relating to the use or the applicetion of ETSs and is not suitable for formal
adoption as an ETS.

This ETR corresponds to GSM technicsl specification, GSM 05.90 version 4.2.1.

The specification from which this ETR has besn derived was originally based on CEPT
documaentation, hence the presentstion of this ETR may not be sntirely in accordance with the
ETSI/PNE rules.

Retference is made within this ETR to GSM Technical Specificstions (GSM-TS) (NOTE).

NOTE: TC-SMG has produced documents which give the technical specifications for the
implementstion of ths Europesn digitsl celiulsr teiscommunications system.
Historically, thess documents have been Identified s GSM Technical
Specifications (GSM-TS). These TSs may have subseguently bscome (-ETSs
(Phass 1), or ETSs (Phase 2), whilst others may becoms ETS! Technical Reporte
{ETRs). GSM.TSs are, for editoris! reasons, still referred to in current GSM ETSs.
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1.1. Scope

A considersble amount of work has been conductsd, mainly in the UK, to investigate the etfect of
wanted radio frequency transmissions from GSM MS and BTS on other squipment. This report aims
to summarige this work snd to look st the implications for GSM. Since GSM EMC considerations
extend outside the GSM arens, it is thought sssentis! thet GSM considers ths implications of EMC
and produces this report,

1.2 References

This ETR incorporetes by deted and undated reference, provisions from other publicetions. These
normative references are cited at the sppropriste plsces in the text and the pubiicetions ere listed
hergefter, For dated refsrences, subsequent smendments to or revisions of any of these publications
apply to this ETR only when incorporated in it by amendmaent or revision. For undsted retferences,
the latest edition of the publication referred to applies.

n 89/336/EEC: "Council Directive on the spproximation of the laws of the
Mesmber States relating to siectromagnetic compatibility”.

(2] EN 500B2-1 (1992): “Eisctromagnetic compstibility - Generic immunity
stendard. Part 1: Residential, commuorcisl 8nd light Industry”.

(3] IEC B01-3, (1984): "Immunity to radisted, redio frequency. electromagnetic
fislds” '

[4] GSM 01.04 (ETR 100): "European digital cellular telscommunication system

(Phass 2); Definitions, abbrevistions and acronyms”.

(5] DTI/RA; "A summarised rsport on messuremsnt technigues used to
investigete potentisl interfsrence from new digital systems”

16] INIRC (188B): "Guidelines on limits of exposure to radiofreguency
slectromagnstic fislds in the frequency rangs 100 kHz 10 300 GHz"

[7) NRPB {1988): "Guidance a8 to restrictions on exposures to time varying
elsctromagnstic fields and the 1988 recommendations of the Internation
Non-lonizing Redistion Committes”

(8] JEEE £95.1 (1981): "IEEE standerd for safety levels with respoect to

human exposure to radio frequency slectromagnetic fieids, 4 kHz to 300
GHz"
{9} Dreft DIN VDE OB4B Part 2 (1891): "Safety in slectromegnatic fieids;

protection of psrsons in the frequency rangs from 30 kHz to 300 GHz"

2. Information avasilable

A number of Europesn orgsnisations haves conducted sxtensive investigations into GSM EMC. These
investigations looked &t the potentisl of a GSM transmission to interfers with » wide renge ot
slectricel spparatus. Having conducted both objective and subjective investigations, it wes
discovered that personal sudic squipment (s.g. Walkmans) and hearing aids were most susceptible
and most likely to be in closs proximity to GSM spparatus.

Of these two types of spparstus, hewring aids wers considersd the grestest potential problem and
thus a considsrabls amount of modelling work wes conductsd in order to asseas the llkely incidence
of interference In verious scengrios.

Interfersnce with pace-makers was considered of utmost seriousness and consequently tests were
mude to investigute the possibllity of interfering with certsin types.
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3.  Cause of potential EMC intsrference

The source of GSM Interfersnce is the 100% amplitude modulgted RF envelops introduced by burst
transmission necessary for TDMA. Audio epparstus heving some non-lingsr component able to
demoduiate this AM snvelope will be subject to interference in the audio pass-band since the frame
and burst retes for GSM are 220 Hr snd 1.7 kHz,

Angther source of interfersnce Is the DTX (Discontinuous Transmission) mode of operation in QSM.
In the DTX mode there wre two signal components with much lowsr trequencies than the normal
GSM transmission: 8 component with s frequency of 2.1 Hz corresponding 1o the transmission of
the B timeslots of the SID (Signal Descriptor) message block, snd another with » frequency of B.3
Mz corresponding to the repetition rate of SACCH.

4. Lsboratory results
4.1 Hearing aids

Objective laborstory results from the United Kingdom, Department of Trede and Industry,
Radiocommunications Agsncy (DTI/RA) (5] showed that & typical "behind the ear” hearing &id in
normai (smplifying) mode was susceptible to pesk GSM fisld intensities of;

- betwesn 10 V/m snd 17 V/m in order 1o produce the ssme audio power as speech, 0.5
m in front of the hesring sid, and ‘
- between 5 V/m and 8.5 V/m to produce "audible, slightly annoying” intsrfarence.

It was noted thet the group of heering sids tested showed » 4 OB spresd in susceptibility in the
normal mode and 8 13 dB spread in susceptibility in the inductive loop mods,

Subjective investigation conductsd at BTRL with the hearing aid worn by the user showed thst
"sudible, siightly annoying” interference was perceived when subject to a pesk fisld intensity
verying between 10 V/im and 4 V/m depsnding upon the orientation of the hesd. This was modelled
by & psuek field Intensity of 10 V/m for a 270° arc and ¢ V/m for the 80° arc not shisided by the
head inferring an B dB attenuation provided by the head. This dirsctional susceptiblliity corresponds
1o an sverage of 8.8 V/m and thus egrees with the DTI/RA objective results.

These results were subsequently used for modelling activities to assess the consequences of this
suscaptibliity in various scensrios. it should bes noted thst the susceptibllity without head
sttenuation ysed in the modet {4 V/m) is somewhat worse than the DTi messurements (5 V/m - B.5
Vim) and thus the moduelling results will be very much worst cess.

it was found that metsllising the hearing mid case reduced the susceptibility with no head
srtenustion from 4 V/m to 12 V/m (10 dB).

Laborstory measursmsnts have besn cerried out slso in Australis by Telecom Reseerch Laborstories
and National Acoustic’ Letorstortes - [Armex -Fl. In- these messwroments the fisid. sttanght lavel
causing useful "annoyance” threshold ievel of 10 dB above the noise fioor of the hearing aids was
messured and then compared to measured fisld strengh of 2 W and 8 W GSM MS to determine ths
distances where the threshold levels can be expected. Both behind-the-ssr and in-the-sar type
hearing sids were messurad, the former ones both with microphone input and telscoil input, The
resuits ers shown below.
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Hearing sid type | Fisid strenght for noticable interference Distance for noticable interference
2WMS 8 WMS

Behind the ear,

microphone input £.7-3.1V/m 2.0-10m 35-20m

Behind the ear,

telecol! input 0.4-48V/m 1.5-20m 25-40m

In the ear 49-323Vim 0.2-08m)| 04-16m

Table 1. Fisld stranght and sefety distances for noticeabls interference.

Note 1: The distances in Table 1 can not be comparsd dirsctly with those in Table 2
because Table 1 distances are approximate reul-lifs distances whereas Table 2 is
based on theory.

in Denmerk a study initiated by the Danish ministery of communications hes besn carrisd out
recently. The results of tha study ere in 8 report "Interference to hearing sids caused by GSM
moblle telephones”, Following are the main conclusions of the report.

- 80 for there have not begn many sctual exampies of interference but it must ba torasesn that In 3 -
4 yeers there will be trequant reports of interference to hearing aids occesioned by GSM
mobiles ‘

- it is santicipated that existing hearing aids will be replaced by new models with generally prester
immunity to GSM signals; in any event, in 5 - 7 yesrs the risk of interference should have
diminished significantly

- solutions to decrease the amount of interferance based on GSM system will sither have & highly
limitsd effect (transmitter powsr regulstion) or will be financlally unfessible (cell size
optimisation)

- golutions based on design changss to heering sids will gensrslly bs possible and must otfer
immunity sgsinst signel strengths of up to 10 V/m; some hearing aids used toduy siready
sutisfy requirements and futurs models will be sbie 10 be 80 constructsd a3 to mest them too;
designing 8 new hesring aid with the requisite level of immunity would Incresse prices approx.
DKK 100 per unit, which is 8 4 - 7 % incresse 1o & current price of a hearing eid

4.2 Curdisc pace-makers

Work was carried out by CSELT Italy to investigate the effects of GSM type burst structure on
cardiac pace-makers [Annex D], Unipolar and bipoler types from one manufecturer were tested. The
results show that, although it was possible to interfere with pace-maker operstion in fres space, it
was ot possitie; with the sgquipment power used, 10 interfars with oparation whan the pace-maker,
lsads and electrodes were placed in & phantom simulating realistic use in the humen body. The
equivalent meximum field strength used for this test would not normally be excesded at further then
0.5 m sway trom any sllowed GSM trensmitter sxcept the maximum power bsse stetion. For
information the field strength reguired to defest the pace-maker in fres space wes In sxcess of 40
Vim for the most sensitive clsss of pace-maker.

As there does not appear 1o be 8 problem with defesting of pace-maker operstion by 8 normsl GSM
signal, the remainder of the work dons by GSM, snd thus the remainder of this report, is restricted
to scenarios for sudibie Interferance with hesring eids.
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4.3 Domeastic Equipment

Tests carried out by various laboratories and collected together by ths Radio Technology Laberatory
{RTL} of ths Radlocommunications Agency [Annex E) show thet for s limited number of devices
under test the cassetts decks, television receivers snd portable radios/cessstte pisyers stc. sre the
most susceptibie domestic squipment with the mean field intensities ceusing "visibie/sudibls, but
not snnoying” interference being 2.9, 4.0, and 5.8 V/m, respsctively. For exampls for B W MS the
fieid strenght of 4 V/m will be found at distances (ess than § m (worst case assuming 100 %
efficlency and fres space psth loss} as can be seen in Tabie 1,

This mesns thet in practice, duse to building sttenustion etc., Interference will not occur unleys the
transmitter and the victim equipment sre in the sems room. This is likely to occur If the GSM
terminal is transporteble (8 W output power for instance).

Studies on ths GSM interfersnce to the fixed network telsphone squipment have been carried out In
France, Norway, U.K. and Italy [Annex G). All the studies highlight the fact that due to the lack of
an international Immunity standard to the tixed network teiephone eguipment ths interference
problem varies from country to country depending on the nationsl immunity standerds. The study
carrisd out In Frence summarises that no telsphone anelog squipment or sudio terminal can comply
with a 10 V/m GBM type field strength, and haif of the telephone ysts tested did comply with the 3
Vim immunity level, both resuits derived with a selected performance criterls of -50 dBmop/800
Ohms in transmit direction and 50 dBA on recelve direction. Regarding the maximum distances for
potential interterence the study gives the distences of 10 meters for 8 W GSM terminsi snd &
meters for 2 W GSM terminal. The U.K. study tests the fixed network telsphones and PBX
squipment at 3 V/m and 10 V/m fisld strengths and concludes that in the U.K, the vast majority of
telephonses and telephone squipment is not susceptible at sven 10 V/m, Hence, due to the Immunity
stendard for fixed telephones the interfersnce from GSM terminsis is not tonsidered as & major
problem in U.K.. In the Norwegian study it is summarived thet with a 40 dB S/N ratio es a quallty
limit and with 10 W GSM transmitter 10 m sway from a telephone, haif of the telephones tested
pess the test. Also, the study highlights the very Jerge diffsrence In the immunitiss of the fixed
telsphones, the immunities caiculated in field strength being from 12.3 V/m to 0.8 V/m, with the
same quality limit of 40 dB S/N ratic. The itelian study uses the same pass criteria as the French
ons snd concludes that out of the tested fixed telephones, only an RF-shisided mode and snother
with a very compuact structure resulted complying with immunity requirements up to 8 V/m GSM
field strength (thst is 0.8 W GSM emission st 1 m distance), whils soms models did not even
comply with 3 V/m (i.e. 0.8 W GSM smission at 2 m distance).

B.  Modelling resuits .

A wide rangs of scenarios wers modelied [Annexes A and B) to Inciude the possibie interference to
hearing sid ussrs from buse stations, mobiles and handportabies. Not surprisingly, by fer the highest
incidance of Interference was csused in crowded urben environments where hearing alds and
handporteble transceivers are likely to be in closest proximity.

It way found thet @ hearing B¢ user would exparienca. 3 saconds of intsrference every 8 minutes
whilst walking on g London strest and would be subject to » 2.4% probabiliity of interfersnce whilst
travelling on & commuter train for  GSM system occupying 2 x 25 MHz. Further results showed
that with 1% of the train psssengers using GSM transmitters (0.1% previously) and an averags
susceptibillty of 4 V/m, the probabllity of interference wes 5%. Thase modelling results were based
on a small semple of hearing mids with immunities in the region of 3 V/m. More recent
measurements have shown that some hearing sids, in particulsr the in-the-ear aids. have immunities
up to 30 V/m (see Annex F). This would reduce these probabilities by a factor ot 100,

it should bs noted thst the modsliing work is based on free spacs path loses. The effect of, for
exampie, people in » crowded trgin has not besn measured, but in generatl it is expected that the
pressnce of people or objects bstwesn the MS and the hearing aid will be to reduce the Interference
in Most ceses,
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It should be noted that all the scenarios sxamined assumed the hewring wid was sctive all the time.
Cleariy, there will be instances where the user will switch off the sid when not required to
tommunicats.

A further modelling exerciee indicsted that it was unlikely that a hearing aid user will be abis tc use
GSM handportable terminuls dus to the interference etfects.

8. Solutions

The generic immunity stendard, EN 500821, produced by CENELEC, calls for immunity to RF
electromagnetic fieids of 3 V/m, This work has shown thet current hearing sids have immunities
closs to this proposed level and that a handportable GSM transmitter (s likely to prasent g field
strength greater than this at regular intervals in » crowded environmant end thus cause Interference
to the hesring sid user [Annex C]. The sctual fisld strength from s dipole, a5 celculsted from IEC
801-3:1984, is shown in Teble 2 (the values are indspendent of freguency).

Peak transmit GSM MS power Peak fisld strength (V/m)

power (Watts) cless im am 5m
0.8 5 8.3 3 1.3
2 4 89 . 5.0 2.0
5 3 15.7 7.8 3
8 2 189.8 9.8 4.0

DCS 1800 MS
power class

0.26 2 3.5 1.8 0.7
1 1 7.0 35 1.4

Tabig 2: Close proximity fisid strengths

A solution to this potential problem could be schisved by s combination of increased hewsring aid
immunity end constraints placed on the GSM system in urban snvironments.

Dus to the likely pesk field strengths that will be experienced from GSM transmitters in crowdsd
urban eress, it is proposed that the Immunity of future body worn apparstus, such as hesring sids,
should be incresssd to 10 V/m since this hes been found to significantly reduce the probabllity of
GSM imterterence {this 10 V/m figurs is derivad tzom congidarations of frequencies around BOO MHz
snd may not be applicsble 1o frequencies significantly higher or lower than 800 MHz). Further to
this, @ number of simple constraints for urban GSM system design should be adhered to:-

- dynamic power control to be implemented st the MS such that only the minimum
required transmit powser is used at all times (BS interference was shown not 1o bs »
problem)

. urban cell sizes limited to redyce required transmit powers

- discontinyous trensmission (DTX) to be implemented where poasibie

- GSM base site snd mobile pay phone (9.g. on trein) trensmit sntennws should not be

locsted in closs proximity 10 elegtricsl epparatus likely 10 be susceptible to this type of
interterence.
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it is sssumed that DTX will provide a reduced interference potentis! slthough this has not besn
verified.

7.  Non-ionizing radiation

The maejor effect from exposure to RF radistion is dus to the trensfer of snergy from the
slsctromagnetic field 1o biological tissues, resulting in 8 tempersture rise. The hesting is caused by
the fact that centres of negative and positive cherges do not coincide in many bisiogical tissues
including water. The chargs seperation causss molscules to oscillate in 8 microwsve field.
generating hest.

Guideline levels for exposure to non-ipnizing RF radistion have been published by many
organisations inciuding Non-lonizing Radio Committee (INIRC) (8], the UK Nationsl Radiological
Protection Board (NAPB) {7], the Institute of Elscrtical and Electronics Enginesrs (IEEE) (8] and the
German Electrotechnical Comission of DIN snd VOE (DKE) [8]. Teble 3 shows the levels of power
density given by each organisation which they belleve will snsure thet no health hazard exists.
Some of the figures given in Table 3 are under review by the above organisations.

Orgenisation Safety level at 800 MHz (W/m¥<) Safety level & 1.8 GHz (W/im¥)
NRPB 22.5 . 45
INIRC 4.5 ' 9
JEEE 8.0 12
DKE 45 9

Table 3. Power density safety vaiues

The differences in the tigures depend on the time haw long the victim is assumed to be exposed by
the radiation, and is for the most stringent figures up to 24 hours ¢ day.

When the saefety distences, which can bs derived from the sbove safety levels with some
essumptions of the antenns configurations used, have been agreed by the appropriste organisations
they will be inciuded in this report.

8. Conclusion

Extensive resssrch has highlighted 8 potentisl compatibility problem betwesn GSM trensmitters and
body worn sudio apparstus; in particulsr hesring sids. However, this resesrch hes besn basad on »
limited sempis of hearing ald types of feirly old design.

An increassd immunity for future body worn apparatus, entorced through the Community's EMC
Directive (89/338/EEC}, combined with soms urbsn celiuler design constraints simed at ensuring the
minimum transmit power is employed should snsure incidences of interference from GSM spparatus
is kept to 8 minimum.

The studies mede -have shown that the immunity level ot currently availsble hesring sids mey not
protect hearing mids very waell from the interference of GSM phones. Also, it has besn shown thet
Incressing the immunity to 10 V/m, s found possible by simple heering sid modificetion, will
reduce the probability of interfersnce considerably. More recent ressarch has shown some modern
hearing wids to have 10 times the immunity of the oider designs (in V/m). This would reduce the
inmerferance probabilitiss by a factor of 100,

Concerning the domestic equipments it cen be conciuded that GSM trumpomplo 8 W moblle
stations are likely to ceuse problems to domsstic squipment bsing used in 8 domestic environment.

Further, It is recommended that the user's dete (like user's manusl) of the moblie should include »
werning of the possibe intertersnce effects of the GSM mobile to the other electronic equipments.
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9. Other EMC reports

CEPT-SE report

CEPT-SE report

ETSI/RESY pr-lETS

"Summary document on the intsrference to radio and non-radio devices
from TDMA-typs trensmissions”

The report from CEPT covers much of the work inciuded in the GSM report
and considers EMC susceptibility of a far grester rangs of products. The
findings of the two reports sre similer.

“Draft report from the ERC within CEPT on the impact from ISM emissions
on mobile radio services operating in the 800 MHz band”

This report studies the potentisl for interference on GSM and other tarminal
wquipment opersting in the 800 MHz band ceused by ISM wsquipment
{Industrial, Scientific and Medical). It shows that spurious emissions from
ISM equipment cen degreds mobile radio service coverage at considerable
distances.

"EMC standerd for Radio Communication equipment end anclllary
products.®

This standard defines performance requirements for redio communicstion
eguipment to mest the Community directive 89/336/EEC. It comasins
requirements for GSM terminsl equipment but does not sddress the
potentis! of interference with other slectronic squipment such as hearing
8ids and cardisc pace-makers. _
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Annex A: A GSM interference mode!

A GSM interference model.

22nd February 1990

Jon Short
Cellular Radio Systens
BT Laboratories
0473 643954

Symmary.

This document attempts 1o forecast the likely extent of interference to hearing aid
users from GSM cansmirers.

The assessment is made twough modelling of the GSM cellular sysiem in various
scenwrios as the system matures from 1991 onwards. The potential interference in the
individual scenarios is combined to asses the actual interference perceived by through
modelling of "days in the life of’ hearing aid users.

The critical inputs to the model are the hearing aid immunites as determined during
exiensive laboratory testing. :

The report concludes that a hearing aid user will experience regular daily interference
from GSM wmensmissions and this has been previously shown to be due 10 the TDMA nature
of the system.
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